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Abstract 

 Dynamic System to Manage Variation Orders in Iraqi 

Construction Projects 

By 

Wissam Abd Latif  Ismaeel 

Supervised by 

Prof. Dr. Hafiz I. Naji 

Construction projects in Iraq suffer from problems of delay and 

the increase of the actual cost over the estimated cost, which is largely due 

to the problematic nature of the construction industry; for example, lack of 

integration of the design and construction processes of projects most 

especially through traditional method often leads to variation orders. 

Therefore, the traditional methods of managing variation orders 

can no longer succeed, continue, and withstand the change in the 

contemporary construction environment in light of a complex and 

continuous dynamic environment. Accordingly, the contemporary 

construction industry has become more need to be managed in dynamic ways 

in order to be able to continue and achieve the required goals.  

The Dynamic System to manage the variation orders to achieve 

the project goals is a way that brings life to the construction project by 

simulating the effect of variation orders for cost and time in order to create 

successful work and can adapt to the variations that occur obstruction to the 

completion of the project within the specified period and budget  It is 

representing through a collection of the independent variables, and they 

stably interact with each other; the links between the underlying and 

variables' relationships into a system are called the system's structure   

This research aims to identify the causes of variation orders and 

take proactive measures to reduce variation orders in the project, diagnose 
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problems resulting from variation orders, and how the dynamic System can

be employed in building a system to simulate the effect of variation orders 

on the cost and time.  

To achieve the research aims, the collected data from the previous 

studies and literature in this field have been reviewed, dealing with the 

variation orders and the Dynamic System. Also, the data from the field 

survey for twenty seven projects were collected properly from the University 

of Diyala through the years (2008-2020) for the purpose of this study. In 

addition, data were collected from a questionnaire and interviewing a group 

of engineers and academics who are in contact with the variation orders in 

the construction projects; the results of the present study are 43 causes and 

ten impacts in the construction projects, where the highest causes late a 

contractor in execution and the highest impact was a delay in project 

scheduling completion, and the results indicated that the largest ratio of the 

average percentage of variation occurs between (10%-30%) of the project's 

total cost  

However, based on the field survey and questionnaire results, two 

Dynamic System models have been developed. The first model measures the 

impact of variation orders on cost and time. In order to ensure the application 

of the proposed model, an evaluation questionnaire was conducted on a 

sample of engineers which confirmed the applicability of the model and the 

results in the simulation, the total weighted average time, and the actual 

weighted average time in years (2014-2015) at a percentage of (7% and 8%) 

for an actual weighted average time increased more than the total weighted 

average time at a percentage of (0%).  

Finally, in this research, several conclusions have been reached, 

including that many variation orders accrue in the Iraqi construction projects, 

a lack of managing variation orders in the projects, the impact of contractor 

and owner, and the legislative alteration and insurgency in the construction 

projects



 

IX 
 

TABLE of CONTENTS 

SUPERVISOR CERTIFICATION I 

SCIENTIFIC AMENDMENT II 

LINGUISTIC AMENDMENT III 

COMMITTEE CERTIFICATION IV 

DEDICATION V 

ACKNOWLEDGEMENTS VI 

Abstract VII 

Table of Contents IX 

LIST of FIGURES XIII 

LIST of TABLES XVII 

LIST of ABBREVIATIONS XIX 

Chapter One (Introduction) 

1.1 General 1 

1.2 Research Problem and Justifications 1 

1.3 Research Hypothesis 2 

1.4 Research Aim and Objectives 2 

1.5 Research Scope and Limitations 3 

1.6 Research Methodology 3 

1.7 The Structure of Thesis 6 

1.8 Review of Previous Studies 7 

1.9 Summary 11 

Chapter Two (Literature review) 

2.1 Introduction 12 

2.2 The Concept of Variation Order 13 

2.3 Importance of Variation Order 17 

2.4 Types of Variation Orders 18 

2.4.1 Beneficial variation orders 19 



 

X 
 

2.4.2 Malicious variation orders 20 

2.5 
The Right to Issue Variation Orders in 

Construction Projects 
20 

2.5.1 
The authority of the owner to issue 

variation orders 
21 

2.5.2 
The authority of the engineer to issue 

variation orders: 
21 

2.5.3 
The contractor's proposal for variation 

orders in construction work 
22 

2.6 Conditions for Issuing Variation Orders 22 

2.6.1 Formal conditions 22 

2.6.2 Objective conditions 23 

2.7 
Origin and Causes of Variation Order in 

Iraq 
24 

2.7.1 Client 24 

2.7.2 Engineer 25 

2.7.3 Contractor 26 

2.8 Impact of Variation Order 29 

2.8.1 Cost overruns 30 

2.8.2 Time Overruns 31 

2.8.3 Quality Degradation 31 

2.8.4 Health and safety 31 

2.8.5 Professional relations 32 

2.9 
Variation Orders Impact on the 

Construction Projects 
32 

2.10 
The Method of Simulation Dynamic 

System 
35 



 

XI 
 

2.10.1 
The Qualitative tools of Dynamic System 

modeling 
37 

2.10.2 The Steps of the system dynamic 37 

2.10.3 The component of the dynamic system 39 

2.10.4 Building blocks of  Dynamic System 39 

2.10.5 The Feedback in the Dynamic System  40 

2.10.6 Variables and reference of modes in 
Dynamic System 

40 

2.11 The Applications of the Dynamic System 
in Project Management 

42 

2.12 Chapter Summary 44 

Chapter Three (The field survey) 

3.1 Introduction 45 

3.2 Survey Methodology 45 

3.2.1 The case studies 46 

3.2.1.1 Data Collection 48 

3.2.2 Personal interviews (Open questionnaire) 55 

3.2.3 Conducting closed questionnaire 58 

3.2.3.1 Designing the questionnaire form 58 

3.2.3.2 
Distribution of the questionnaire and the 

questionnaire form collection 
60 

3.2.3.3 The Statistical analysis (Data analysis) 62 

3.2.3.4 Questionnaire form analysis and discussion 64 

3.3 Summary of Chapter 80 

Chapter Four (The simulation by using a  Dynamic System ) 

4.1 Introduction 80 

4.2 Motivations of the Models Developing 80 

4.3 The Methodology of The Model Building 80 

4.4 Interviews of Experts 83 



 

XII 
 

4.5 Dynamic System Model Development 89 

4.5.1 Conceptual model description 90 

4.5.1.1 
Conceptual model description for cost and 

time 
90 

4.5.2 Development diagram of stocks and flows 97 

4.5.2.1 The boundaries of the model 98 

4.5.2.2 
Description of the modeling of  Dynamic 

System 
98 

4.6 Validation of the  Dynamic System Model 114 

4.7 
Disadvantages of the dynamic systems 

development method 
121 

4.8 
Parameter Testing of Dynamic System 

Model 
121 

4.9 
The potential Benefits of Applying the  

Dynamic System to Variation orders 
122 

4.10 
The Questionnaire Approach to 

Assessment Proposed System 
124 

4.10.1 Choosing a questionnaire sample 125 

4.10.2 Explanation of the proposed system's 125 

4.10.3 The data collection 125 

4.10.4 Analyzing the results 125 

Chapter Five (Conclusions and recommendations) 127 

5.1 Introduction 127 

5.1 Conclusions 127 

5.3 Recommendations 129 

5.4 The Suggestion for Further Studies 131 

 References 132 

 Appendix  



 

XIII 
 

LIST of FIGURES 

Figure Title Page 

1.1 Research methodology 5 

2.1 The participants involved in the variation orders 26 

2.2 The Linear causal thinking (Kirkwood, 1998) 36 

2.3 The component of the SD (Boateng, 2014) 39 

2.4 Representation of building blocks (Rahmani et al., 2012). 39 

2.5 Behaviors of the system (Kirkwood, 1998). 41 

3.1 
A flow chart of the methodology of the field survey case 
study 

46 

3.2 Summary of the total W.A cost and time variation 51 

3.3 
Summary of the actual W.A variation orders in cost and 
time 

53 

3.4 
comparison between total and actual W.A cost variation 
orders 

54 

3.5 
Comparison between total and actual W.A time variation 
orders 

54 

3.6 
Percentage of study sample about Public and Mixed 
Sectors 

65 

3.7 Percentage of the Study sample of academic  degree 65 

3.8 Percentage of work place 66 

3.9 Percentage of group specialty. 66 

3.10 The percentage of years of experience 66 

3.11 The percentage of engineering field specializations. 67 

3.12 The percentage of engineering responses 68 

3.13 
shows the percentage of the response of engineers to the 
existence of change in Iraq's construction projects. 

68 

3.14 
The response of engineers about knowing Dynamic 
System 

69 

3.15 
Shows the percentage of the response of engineers about 
the optimal system. 

70 

3.16 Bearing risk between owner and contractor 77 

3.17 
The percentage of engineers' responses about project 
participation to issue variation orders. 

78 



 

XIV 
 

3.18 
The average percentage of all variation occurs in a single 
project. 

80 

4.1 Flowchart for developing models 83 

4.2 The time required to change the owner opinion 87 

4.3 The time required to change the contractor opinion. 88 

4.4 The time required to change the legislation opinion 88 

4.5 
Balancing causal loop diagram effect of the owner on the 
variation orders cost in a construction project. 

90 

4.6 
Reinforcing causal loop diagram of the external factors 
for the variation orders cost in a construction project. 

91 

4.7 
Balancing causal loop diagram effect of the contractor on 
the variation orders cost in a construction project. 

92 

4.8 
Reinforcing causal loop diagram of the external factors 
for the variation orders cost in a construction project. 

93 

4.9 
Balancing causal loop diagram effect of the owner on the 
variation orders time in a construction project. 

94 

4.10 
Reinforcing causal loop diagram of the external factors 
for the variation orders time in a construction project. 

95 

4.11 
Balancing causal loop diagram effect of the contractor on 
the variation orders time in a construction project. 

96 

4.12 
Reinforcing causal loop diagram of the external factors 
for the variation orders time in a construction project. 

97 

4.13 
The building model for the stock contractor opinion on 
V.O.C. 

99 

4.14 
The building model of the  Dynamic System for effect 
complier 

99 

4.15 
The building model of the  Dynamic System for the 
variation orders cost 

100 

4.16 Effect of the contractor on the variation orders cost 100 

4.17 Incergency effect 101 

4.18 Variation orders cost effect compiler 101 

4.19 Variation orders cost by using the  Dynamic System 102 

4.20 Contractor opinion on the variation orders cost 103 

4.21 Change in contractor opinion on V.O.C. 103 

4.22 
Final results variation orders cost in the construction 
project 

104 



 

XV 
 

4.23 
The causes diagram tree of change in contractor opinion 
on the variation orders cost 

104 

4.24 
The causes diagram tree of contractor opinion on the 
variation orders cost 

104 

4.25 
The causes diagram tree of effect compiler on variation 
orders cost 

105 

4.26 
The causes diagram tree of change in owner opinion on 
variation orders cost 

105 

4.27 

The model assessment was carried out using the 
dimensional verify identity expressed by the free 
software package VENSIM PLE. VENSIM was giving 
the awareness that the dimensions of auxiliaries, stocks, 
units, constants are reliable and equations, as illustrated 
in (Appendix c). 

105 

4.28 The building model of the  Dynamic System for owner 106 

4.29 
The building model for the stock contractor opinion on 
the V.O.T 

106 

4.30 
The building model of the  Dynamic System for effect 
complier 

107 

4.31 Variation orders time by using the  Dynamic System 107 

4.32 Variation orders time effect complier 108 

4.33 Net change in variation orders time 108 

4.34 Effect of the owner on variation orders time 109 

4.35 Incergency effect 109 

4.36 Effect of the contractor on the variation orders time 110 

4.37 Effect of legislative alterations on variation orders time. 110 

4.38 Contractor opinion on variation orders time 111 

4.39 Owner opinion on the variation orders time 112 

4. 40 
Final results variation orders time in the construction 
project 

112 

4.41 
The causes diagram tree of change in contractor opinion 
on the variation orders time 

113 

4.42 
The causes diagram tree of contractor opinion on the 
variation orders time 

113 

4.43 
The causes diagram tree of effect compiler on the 
variation orders time 

113 



 

XVI 
 

4.44 
The causes diagram tree of change in owner opinion on 
the variation orders time 

113 

4.45 
The causes diagram tree of owner opinion on the 
variation orders time 

113 

4.46 Model (A) of the weighted average actual cost using SD 117 

4.47 Model (B) of the weighted average total cost using SD 117 

4.48 Model (C) of the weighted average actual time using SD 119 

4.49 Model (D) weighted average total time using SD 119 
 

 



 

XVII 
 

LIST of TABLES 

Table Title Page 

1.1  The Reviews of Previous Studies 7 

2.1 
Summary of Variation Order Definitions within the 

literature review 
15 

2.2  
Origins and Causes of Variation Order of studies 

(Enshansi et al., 2010; Alaryan et al., 2014) in the review 
27 

2.3  Definition of the symbol link (Ijaola et al., 2012). 38 

2.4  
The applications of SD models in the construction project 

management research 
42 

3.1 
The construction projects that are covered by the case 

study (Researcher) 
47 

3.2 
Summary of the total W.A of variation orders in cost and 

time 
50 

3.3  
Summary of the actual W.A of variation orders in cost 

and time 
53 

3.4 Reasons that lead to variation order 55 

3.5 Summary of the general data of engineers interviewed 56 

3.6 Arbitrators' general information 59 

3.7  Distribution of forms for the questionnaire  61 

3.8  Value of descriptive frequencies by weight 63 

3.9  Factors that cause changes in construction projects 71 

3.10 Reliability Statistics 75 

3.11  Key Factors caused variation orders  75 

3.12  The impact of variation orders on the construction projec 76 

3.13 Reliability statistics for the impact of variation orders 76 

3.14 Bearing risk between owner and contractor 77 



 

XVIII 
 

3.15  Reliability statistics for the bearing risk between owner 
and contractor 

77 

3.16 Possibility of variation order prediction 78 

3.17  
The knowledge about the optimal software used to 

simulate the variation orders 
79 

4.1 
General and demographic information for experts who 

have been interviewed 
84 

4.2  
The degree impact of the owner, contractor, legislative, 

and incegency on issue variation orders 
87 

4.3  
Model (A) of the weighted average error for actual cost 

vs. SD 
114 

4.4  
Model (B) of the weighted average error for actual time 

vs. SD 
115 

4.5  
Model (C) of the weighted average error for total cost vs. 

SD 
115 

4.6 
Model (D) of the weighted average error for total time vs. 

SD 
116 

4.7 Results of statistical tests for models (A) 122 

4.8  Results of statistical tests for models (B) 122 

4.9 Results of statistical tests for models (C) 122 

4.10  Results of statistical tests for models (D)  122 

4. 11 Value of descriptive frequencies by weight 123 

4.12 The potential benefits of applying the System Dynamic 123 

4.13  
Results of the assessment of the questionnaire for a 

proposed system 
126 



 

XIX 
 

LIST of ABBREVIATIONS 

Abbreviations Explanation 

A. W. A .C.V.O Actual Weighted Average Cost Variation Orders 

A. W.A .T.V.O Actual Weighted average time orders 

AM Arithmetic mean 

SD Standard Deviation 

DS  Dynamic System 

DSM  Dynamic System model 

T.W.A.C. Total weighted average cost variation orders 

T.W.A.T. Total weighted average time variation orders 

V.O.C Variation orders cost 

V.O.T Variation orders time 

V/O.C Variation orders cost 

V/O.T Variation orders time 

W.A Weighted Average 

A.W. A.C.V.O Actual weighted average cost variation orders 

A.W. A.T.V.O Actual weighted average time variation orders 

 The Cronbach Alpha coefficient 

 
 



 

 

Chapter One 



Chapter One                                                                                                                       Introduction  

 

1 
 

Chapter One 

Introduction 

1.1 General 

The construction industry in Iraq plays a fundamental role in the 

economic and developmental field, as this industry is the driving force of an 

economy in terms of job opportunities and its role in providing services from 

facilities, buildings, and infrastructure. 

Despite its essential role, it was exposed to many problems that led 

to a decrease in its role compared with the developed countries, and variation 

orders are one of these problems. Mostly, it leads to the increase in costs and 

the duration of the project and what it generates from disputes and 

dissatisfaction between all the parties to the project, which often lead to the 

failure of projects and lack of benefit from them. 

1.2 Research Problem and Justifications 

In Iraq, variation orders are one of the greatest important items in 

construction projects which require attention to deal with it due to their effect 

on the economy because of the impact on the cost and time of the projects. 

The research justifications are addressed below accordingly: 

1- The construction sector in Iraq faces the issuance of many variation 

orders that negatively affect the project's performance, time, and cost 

that required building a system to manage it (Mohammed et al.,  

2016). 

2- There is a weakness among project managers managing variation orders 

because of the absence of the scientific methodology that evaluates 

and addresses the impact of these causes (Hassana et al., 2020) 
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3- To achieve the use the flexibility of the dynamic system simulation 

techniques to ensure the success of the completion of these 

construction projects and within their specified goals through 

evaluating and processing variation orders. 

1.3 Research Hypothesis 

Based on the research justifications, the research hypothesis has 

been addressed as follows: 

There is a need for a scientific methodology that adopts flexible dynamic 

simulation to rise the reality of managing variation orders to complete 

projects within the specified cost and duration. 

1.4 Research Aim and Objectives 

Based on the research hypothesis, the aim and objectives must be 

obtained as follows: 

This research aims to adopt the flexible dynamic simulation in suggesting 

the engineering administrative system, which is concerned with evaluating 

the effects of variation orders and taking effective measures to reduce them 

in construction projects. 

To achieve the aim of research, the following objectives can be obtained: 

1. To identify the causes of variation orders. 

2. To diagnose the problems that resulted from variation orders. 

3. To take proactive measures to reduce variation orders in the project. 
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1.5 Research Scope and Limitations 

In this research, the work is registered in limitations as follows: 

1- The spatial limitations 

After conducting a field survey by the researcher for several government 

departments in Baghdad and Diyala, data of 27 construction projects were 

collected from Diyala University, covering the variation orders. 

2- The temporal limitations 

The variation orders from 2008 to 2020 were within the scope of this study. 

There will be case studies on projects where the data on different variation 

orders will be investigated. 

1.6 Research Methodology 

The steps below summarize the methodology used to achieve the 

study objectives: 

1. literature review 

The literature review includes a collection of references related to the 

research topic, such as thesis, papers, books, and website sources, 

particularly related to variation orders and their impact on the cost and time. 

2. Collecting the data 

The field study to collect the data related to the research subject includes: 

A. Case Studies: To evaluate the performance of construction projects 

under different periods, data of 27 construction projects were collected; 

these projects were taken for a period (2008-2020) and divided into 

different periods. The collected data were related to variation orders in 

cost and time from construction projects. 
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B. Interviews: This part includes interviews with many parties who have 

experience in the construction process. The parties involve academic 

staff in universities, the most-experienced qualified contractors, 

consultants, and owners who work in Iraqi governmental ministries. 

These interviews have an essential role in collecting the information 

related to variation orders in Iraqi construction sectors and the sources 

of variation orders, cost and time overruns, and how to control these 

variations in the projects. 

C. Questionnaire: After collecting the data through interviews, a 

questionnaire was developed to obtain the most causes and factors of 

variation orders. Depending on the questionnaire results, variation 

orders affecting the construction projects' performance were 

determined to assess their impact. 

The research methodology can be summarized, as depicted in Figure (1.1) 
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Figure1.1: Research Methodology 
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1.7 The Structure of Thesis 

The structure of the present thesis involves the following: 

Chapter one: Introduction 

This chapter provides an overview of the research topic and the justification 

of research, hypothesis, aim and objectives, research methodology, and 

research structure. 

Chapter two: Literature review 

This chapter will explores the previous studies related to variation order 

definitions and types and the Dynamic System. The chapter reviews the 

simulation method with the Dynamic System model. The causes and impact 

of variation orders on the projects are discussed in this chapter. 

Chapter three: The field survey 

This chapter consists of a field survey, which includes the field study to 

gather the data required for the projects' study. Field study requires 

interviews and questionnaires to gather information on variation orders and 

the causes and impacts of variation orders. The field study also includes 

collecting the construction project data to evaluate the causes and impact of 

construction projects' variation orders under different periods. 

Chapter Four: The simulation by using a  Dynamic System  

To evaluate the impact of variation orders on the construction 

projects in more details as a quantitative evaluation, this chapter covers the 

interviews and the construction  Dynamic System model. Also, this chapter 

presents the analysis of data collected at the late stage of the research.  

Additionally, the research instruments are analyzed in this chapter. The 

proposed system for controlling variation orders in the construction projects 
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is also included in this chapter and predicts their impact using the model of  

Dynamic System. 

Chapter five: Conclusions and recommendations. 

In this chapter, some recommendations and conclusions are 

presented, and some suggestions for future studies may be undertaken to 

develop the  Dynamic System models in managing variation orders in 

construction projects. 

1.8 Review of Previous Studies 

Table (1.1) summarizes the previous studies based on two issues. 

The first issue is the intelligent technique that used in the proposal. The 

second issue is the type of validation that serves to prove the applicability of 

the proposal.  

Table (1.1): The Reviews of Previous Studies  

NO. Proposal Technique Validation Objective  Country 

1 Memon, 
et al., 
2014 

Analyzed 
by using 
SPSS and 
Average 
Index 
formula 

The most 
important 
Variation 
Order VO 
effects on the 
projects are 
the increased 
project costs, 
completion 
delays, and 
logistic 
delays. Early 
participations 
of the 
professionals 
can be 
advantageous 
in the 
reduction of 

completion 
delays, and 
logistic 
delays. Early 
participations 
of the 
professionals 
can be 
advantageous 
in the 
reduction of 
the 
occurrences 
of the 
variations. In 
addition to 
that, 
enhanced 
design and 

Pakistan  
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the 
occurrences 
of the 
variations. In 
addition to 
that, 
enhanced 
design and 
avoiding the 
frequent 
changes in 
the design 
will be quite 
efficient in 
controlling 
the variation 
issue. 

avoiding the 
frequent 
changes in 
the design 
will be quite 
efficient in 
controlling 
the variation 
issue. 

2 Czemplik
, A. 2014 

Earned 
Value 
Method 
(EVM) 

Schedule 
Forecast 
Indicator's 
concept to be 
used as the 
addition to 
EVM has 
been 
developed to 
support the 
site 
managerial 
decisions 
concerning 
variation 
orders. 

Indicator's 
concept to be 
used as the 
addition to 
EVM has 
been 
developed to 
support the 
site 
managerial 
decisions 
concerning 
variation 
orders. 

Poland 

3 Yadeta, 
2016 

Analyzed 
with the use 
of 
Microsoft 
Excel  

This study 
was to 
identify the 
impacts of 
variation 
orders on 
public 
building 
projects. 

to identify the 
impacts of 
variation 
orders on 
public 
building 
projects. 

Malaysia  
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4 Mohamm
ed, 2016 

Analyzed 
with the use 
of 
Microsoft 
Excel and 
with 
statistical 
software 
package 
SPSS 

This study 
investigated 
and identified 
the most 
significant 
causes of 
variation 
orders in 
different 
construction 
sectors in 
Erbil 
Governorate. 

This study 
investigated 
and identified 
the most 
significant 
causes of 
variation 
orders in 
different 
construction 
sectors in 
Erbil 
Governorate. 

Sudan 

5 Senouci, 
et al., 
2017 

Analyzed 
using 
statistical 
methods, 
such 
as Pearson 
correlation 
and 
analysis of 
variance 
(ANOVA). 

This study 
was to 
identify the 
main 
causes/factors 
that lead to 
change 
orders. 

This study 
was to 

identify the 
main 

causes/factors 
that lead to 

change orders 
Qatar 

6 Fadl and 
Nassar, 
2017 

Analyzed 
using the 
Microsoft 
Excel 
software 
package 
and with 
statistical 
software 
package 
SPSS 

This study 
produced a 
software 
modeling to 
reduce the 
variation of 
the variation 
orders causes 
and effects in 
construction 
projects. 

Produced a 
software 
modeling to 
reduce the 
variation of 
the variation 
orders causes 
and effects in 
construction 
projects. 

Egypt  

7 Khahro, 
et al., 
2017 

The 
analysis of 
the factors 
classificatio
n was made 
by RIW 
method 

This study 
was to 
identify the 
effect of 
change orders 
on the project 
duration. 

identify the 
effect of 
change orders 
on the project 
duration. 

Pakistan 
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8 Adu and 
Opawole, 
2018 

Analyzed 
using 
mean score 
method 

This study 
was to 
identify  the 
causes and 
effects of 
variation 
orders in 
construction 
projects 

identify  the 
causes and 
effects of 
variation 
orders in 
construction 
projects 

Nigeria 

9 Mahmoud 
and 
Elshaikh, 
2019 

Analyzed 
with 
statistical  
SPSS 

This study 
was to 
evaluate the 
impact of 
VOs on 
building 
projects. 

Evaluate the 
impact of 
VOs on 
building 
projects. 

Sudan 

10 Khalifa 
and 
Mahamid, 
2019 

Analyzed 
with the 
use of 

Microsoft 
Excel  

This study 
was to 
discusses 
variations in 
the public 
construction 
projects by 
investigating 
their causes, 
studying their 
effects on the 
project and 
identifying 
the 
beneficial 
parties. 

To discuss 
variations in 
the public 
construction 
projects by 
investigating 
their causes, 
studying their 
effects on the 
project, and 
identifying 
the 
beneficial 
parties. 

Saudi 
Arabia 

11 Khoso, et 
al., 2019 

Analyzed 
by SPSS 
using 
average 
index 
technique 

This study 
was to 
identify the 
causes of 
change order 
in two 
different 
phases, i.e. 
preconstructi
on and 

To identify 
the causes of 
a change 
order in two 
different 
phases, i.e. 
preconstructi
on and 
construction 
stage. 

Indnosia  
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construction 
stage. 

12 Ali, 2020 Analyzed 
with 
statistical 
SPSS 

This study 
analyzed the 
causes of 
variation 
orders and 
their effects 
on  the 
projects' cost 
and time in 
the Sulaimani 
governorate. 

analyzed the 
causes of 
variation 
orders and 
their effects 
on  the 
projects' cost 
and time in 
the Sulaimani 
governorate 

Pakistan 

13 Pokharel 
and Joshi, 
2020 

Analyzed 
with 
statistical 
SPSS 

This study 
identified the 
types of 
variations and 
the origin and 
rank of 
causes of 
variation 
orders and 
assessed the 
impact of 
variation 
orders. 

Identified the 
types of 
variations and 
the origin and 
rank of 
causes of 
variation 
orders and 
assessed the 
impact of 
variation 
orders. 

Nepal 

14 Present 
work 

Using the  
Dynamic 
System 
model 

This study 
was to 
simulate the 
impact of the 
cost and time 
variation 
orders in 
construction 
projects. 

To simulate 
the impact of 
the cost and 
time variation 
orders in 
construction 
projects. 

Iraq 

1.9 Summary 

This chapter shows the brief introduction of variation orders, the 

description of the research problem and justifications, research hypothesis, 

research aim and objective, research scope and limitations, research 

methodology, the structure of thesis and review of previous studies. 


